Abstract: Shrimp fishery bycatch of the Gulf of California constitutes a wide variety of highly unknown fish, crustacean, and mollusk species with very low or null economic value, in contrast to those of commercial interest. However, there are no studies yet on the role of these low economic valued species have in the community structure and function, together with their possible effect on commercial populations. With the aim of contributing to the knowledge of Darkedge Midshipman fish Porichthys analis, the most common waste species in this fishery, we estimated some population characteristics. For this purpose, we obtained shrimp-bycatch fish during the 2004-2005 fishing season and performed some research surveys. A total of 1 725 Darkedge Midshipman were captured from 350 bycatch samples. Individual size ranged from 43-352mm SL. The weight to standard length relationship was determined as W=0.000092SL 3.0509 . Von Bertalanffy's growth coefficient indicated a moderate growth rate (K=0.5) with an estimated asymptotic length ofL ∞ =352mm standard length, and a longevity of 6yr. Natural mortality was estimated as 0.97 and total mortality as 4.67. The recruitment pattern, as estimated by ELEFAN II, was extended over the year, peaking during spring and summer seasons. Sexual proportion of male:female was 1.65:1. Mature organisms appeared from August to March, and length at maturity was 157mm SL, which is larger than the mean size at capture 135mm SL. We concluded that the species is indirectly protected by its own bathymetric distribution and the off-shrimping season. This is the first study that considers population characteristics from this common but still unknown species. Rev. Biol. Trop. 60 (4): 1795-1805. Epub 2012 December 01.
Shrimp fishing is important in the Gulf of California (Sierra-Rodríguez et al. 2005) , but most shrimp bycatch species have low or null economic value and are normally discarded or underused (Kelleher 2005 ). Some studies have described aspects on distribution, taxonomy, or abundance of economically important fish species reasonably well; nevertheless, we have not yet understood their functions in the ecosystems. In contrast, information on noncommercial species is still scarce and some ignored, for example, life histories, seasonal variability, or growth rates (González-Ochoa et al. 2009 , Rábago-Quiroz et al. 2008 , Morales-Azpeitia 2007 .
Nowadays, species population characteristics, combined with community descriptors to evaluate aquatic communities, are considered of outmost importance (Piet & Jennings 2005 , Rochet et al. 2005 . Within this scheme, non-commercial species may function as predators, prey, or competitors, affecting community structure and influencing economically important populations (Horn 1980) . Models, such as predation models, could be tested using size-based multispecies to explore community functions or to evaluate fishing effects (Rochet et al. 2005) . In addition, the proportion of noncommercial species has been suggested as an indicator of fishing effects in marine communities (Trenkel & Rochet 2003) . Besides, the population dynamics of various species is a useful element for community-based model integration. Population parameters such as growth, mortality, recruitment, and morphometric relationships, among others, are considered key pieces of information (Petrakis & Stergiou 1995 , Froese 1998 , Moutopouolos & Stergiou 2002 .
Shrimp bycatch in the Gulf of California constitutes mainly fish (80%) and in a minor proportion crustaceans and mollusks (López-Martínez et al. 2010) . The Darkedge Midshipman fish Porichthys analis (Batrachoididae) (Hubbs & Shults 1939 ) is one of the most common species in shrimp bycatch (≅14%) (López-Martínez et al. 2010) and is practically endemic in the Gulf of California region. This family comprises benthic and temperate to tropical species (Robertson & Allen 2002) . P. analis is one of the biggest species of the genera and catalogued as a potential fishery resource (Collette 1995) lacking economic importance. Additionally, Batrachoididae species have often been used as experimental animals in biomedicine and evolutionary and ecophysiological research (Wang & Walsh 2000 , Walsh et al. 2004 . However, practically nothing is known about P. analis yet. Therefore, the main objective of this study was to contribute to the knowledge of the species by estimating some population characteristics obtained from shrimp trawl catches in the Gulf of California.
MATERIAL AND METHODS

Study area:
The Northern side limits with the Southern end of the Biosphere Reserve of the Upper Gulf of California and the Colorado River Delta; to the South with Rio Fuerte, Sinaloa at the continental shore; to Bahia San Luis Gonzaga at the peninsular shore (21°1'37' '-31°24'35'' N and 105°16'06''-114°22'51'' W) . Sampling stations ranged from 10-70m in depth. Two sources of information were available: (1) A program of 10-onboard observers was implemented during the 2004-2005 shrimpfishing seasons, during which 20kg of bycatch samples were taken from commercial trawling and were kept frozen until analysis. Authorized bottom trawling nets were 37.5mm in mesh size at the cod-end and no less than 44.45mm at the square. Sea turtle excluding devices were used in all nets. We took records from depth, trawling speed, crossed distance, and geographical position for every trawl, among others. The species P. analis was found in 91 samples out of 2 439 (2) Morphometric measurements: Once in the laboratory, bycatch species were separated and identified (Fischer et al. 1995 , Collette 1995 from each sample. The geographic origin of P. analis specimens was recorded as well as total length (L), standard length (SL) (mm) (±1mm) and total weight (W) (g) (±0.1). Sex and sexual maturity were determined according to a gonadal morphochromatic scale (Nikolsky 1963) .
Population parameter estimation:
Total length-standard length (L-SL) relationship was determined by the least-squares method to fit a linear model L=a+bSL, and weight-standard length relationship (W-SL) to fit a potential model W=aSL b by non-linear estimation. We constructed monthly length frequency distributions (SL), and in using these, the von Bertalanffy growth equation L t =L ∞ (1-e (-K (t -t 0 ) ) was fitted, where L t is standard length at age t, L ∞ asymptotic length, K instantaneous growth rate, and t 0 the theoretical age at zero length.
When fitting the von Bertalanffy equation, an initial L ∞ value estimation was attempted by the Powell-Wetherall method. With the L ∞ value, Shepherd's method (Sparre & Venema 1998) was used to obtain an initial estimate of K; the final growth parameter estimation was made using ELEFAN I method. By using Pauly's empirical equation, t 0 was obtained as t 0 =1x10 [-0.3922-(0. 2752LogL ∞ )-(1.038LogK)] (Sparre & Venema 1998) .
Longevity was estimated as proposed by Taylor (1958) t max =t 0 +3/K, where t max is the longevity (yr) and other parameters as described above. Total mortality rate (Z) was estimated by the linearized length-converted catch curve (Sparre & Venema 1998) Ln(N i /∆t)=a+bt i ; where N i is the number of fish in length class i; ∆t is the time needed for the fish to grow through length class i; t is the relative age corresponding to the mid-length of class i;and b is an estimate of Z (sign changed). Natural mortality (M) was estimated using Pauly´s empirical equation LnM=-0.0152-0.279LnL ∞ +0.6543LnK+0.463LnT, where T is the mean annual sea surface temperature in the species habitat (ºC). Fishing mortality rate (F) can be calculated by a difference of Z=M+F, and exploitation rate (E) was determined according to Jones (1984) , E=Z/F (Sparre & Venema 1998) .
Recruitment pattern was estimated by the ELEFAN II method. We also estimated both, length at first capture and length at sexual maturity using only all mature females (stages III-V). Organisms were grouped in 11mm length intervals and cumulated relative frequency calculated by interval. The nonlinear least-square fitting method, which is available in the FISHPARM suite (Prager et al. 1987) , was used for fitting the logistic function P=1/ (1+e -a(SL-SL 50 ) ), where P is the proportion of caught organisms or mature females in case of sexual maturity: SL 50 the standard length at which 50% of the population is caught (SL c50 ) or attains reproductive maturity (SL m50 ) according to the case.
RESULTS
A total of 1 725 P. analis were obtained from commercial and research surveys. Spatial distribution of P. analis showed that it is present along the East coast, from the upper Gulf of California to Sinaloa. Individual sizes ranged from 43-352mm (SL). The L-SL relationship was described by the equation SL=0.9143L-4.8609 (Fig. 1) . Given the close correlation between both lengths, post-hoc analyses were performed considering only SL. The SL-W relationship was described by the function W=0.000092SL 3.0509 (Fig. 2) .
Availability of organisms was restricted to the shrimp-fishing season (September-March) and research survey months (July-August).We used monthly length frequency distributions shown in figure 3 to estimate the von Bertalanffy growth parameters and adjusted the corresponding curve to the data. From our length distribution data, we identified at least four cohorts; only few larger size individuals appeared in July-September surveys. In L ∞ estimation by the Powel-Wetherall method, we got an underestimation, so we used the maximum observed length as the L ∞ seminal value in the K calculation by the Shepherd (1987) method. Both values were later used for the joint reestimation by ELEFAN I, giving the adjusted growth equation SL=352(1-e (-0.5(t+0.31)) ).
We used these parameters to trace the growth curve (Fig. 4) ; longevity was estimated in 6.31yr.Therecruitment pattern practically extended over the year and showed two peaks: one in February-May and another in JulyOctober (Fig. 5) .
Natural mortality M was 0.97 considering a 23ºC temperature, and total mortality Z was 4.67 (±0.49); therefore, fishing mortality F was 3.7 and exploitation rate E was 0.79.
The number of males exceeded the number of females and sexual proportion, M:F was 1.65:1 (X 2 a/2, 0.025,7 =24.322, p<0.0000). Mature organisms (stages II-IV) appeared from August to March, and frequencies were apparently higher from October to January (Fig. 6 ). Length at first capture was estimated considering cumulative frequency of all individuals. Adjusted sigmoid function was P=1/ (1+e -0.055(SL-135) ), where length at first capture (SLc 50 ) was 135mm SL (Fig. 7) . We estimated mean length at first sexual maturity (SLm 50 ) using SL records and considering cumulative frequency of mature females (stages III-V).
The adjusted sigmoid curve function was P=1/ (1+e -0.051(SL-157) ), so mean length at first maturity was attained at 157mm SL ( with length at capture being smaller than length at first sexual maturity (Sokal & Rohlf 1981) .
DISCUSSION
Up to now, papers on P. analis have documented the sites where this species has been recorded. Our sampling comprised those areas from the Gulf of California where commercial trawling takes place, i.e. soft bottom between 9-80m in depth. Only few larger size individuals appeared in July-September surveys. Considered as a demersal benthic species from a visual inspection of body form, it may be inferred that the fish uses body-fin caudal transient locomotion. Species with this shape show low sustained cruise propulsion with sudden rapid acceleration (Webb 1984) . Therefore, bigger individuals may have a better swimming capacity, evading trawling gear. Additionally, bathymetric distribution may also contribute because the species can be seen in up to 360m in deeper shrimp (Crustacea: Solenoceridae) research surveys using a similar fishing method The weight-length relationship showed an isometric growth, and despite the scarcity of larger sizes in our samples, it resulted similar to other studies. Pearl Spot Midshipman P. margaritatus showed values of a=0.0069, and b=3.19 (Ruiz-Ramírez et al. 1997) , and Atlantic Midshipman P. Porosissimus showed a=0.005 and b=3.148 (Vianna et al. 2000) . Froese (2006) suggested that only a few individuals in the whole range size and throughout all seasons were enough to get representative results in this relationship.
A major number of larger organisms may lead to a decrement in K estimation. However, the observed maximum size was larger than that previously reported (Collette 1995 , Robertson & Allen 2002 as well as the estimated one. In relation to theoretical values Oyster Toad Fish Opsanustau showed an L ∞ =37.9cm and K=0.16; Gulf Toadfish O. beta L ∞ =30cm, K=0.22 (Serafy et al. 1997) . The maximum observed size of Plainfin Midshipman P. notatus was 33cm attaining longevity of 7yr (Garrison & Miller 1982) , which is very close to our P. analis estimates.
Considering the distribution area, the fishing mortality estimate in this work may also be lower than the one obtained because only a proportion (smaller sizes) of the population was caught by shrimp vessels. Moreover, the method used (length converted catch curve) considered death of organisms from the population were due to fishing throughout the time. This problem is showing the mortality evaluation in those species populations where we did not have access to the whole population, as well as in migratory species populations (López-Martínez et al. 2005) .
From SL 50 and using the inverse von Bertallanfy growth equation, age at maturity is 0.9yr (≅0.11months), which is earlier than Plainfin Midshipman P. notatus (3.5yr) (Garrison & Miller 1982) . Length at capture was smaller than length at maturity, so fishing effort may be causing a detrimental effect on the population by recruitment overfishing. Nevertheless, length at maturity may be larger than mentioned because of the few large size organisms in our estimations. At least one species, Daisy Midshipman P. margaritatus shows a higher abundance at 60m during the warmest bottom water season and moves slightly to shallower waters during colder months (Godínez-Domínguez et al. 2001) . Although considered as a resident species, our data suggests a low scale reproductive migratory pattern. As mentioned earlier, commercial vessels operate at shallower waters (López-Martínez et al. 2000 , Morales Azpeitia 2007 , mainly in the continental shore. Therefore, the latitudinal and bathymetric distribution of the species lets a considerable proportion of the population be outside trawling effects, and fishing mortality should be lower.
On the other hand, although an apparently higher frequency of Darkedge Midshipman fish P. analis mature organisms occurred during winter, the following must be considered: The spawning season in P. notatus occurs in springsummer (Garrison & Miller 1982) , and in our study there were months without any samples (April to June). Shrimp off-season is from March to August when we had less represented samples from a few research surveys and the few mature organisms appeared from October to January. Considering that recruitment pattern by length back calculation from various cohorts estimates possible hatching periods, a bimodal extended spawning appeared in our work from March to April and a less higher one from August to September. Then the observed mature organisms (Fig. 6 ) may have corresponded to the second spawning peak (although more accurate data might be obtained from reproductive biology during the shrimp closed season). The open shrimping season is usually from August-September to March-April each year, and then an associated benefit from the off-season is the indirect protection of P. analis spawners, additional to the bathymetric and latitudinal distribution mentioned earlier.
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